An 80-year-old man who had suffered from chronic lymphocytic leukemia (CLL) and achieved complete remission was admitted to our hospital due to right pleural effusion. Thoracentesis revealed that the effusion was chyle. Lymphoscintigraphy showed an obstruction of the thoracic duct below the sternum. CD45-gated flow cytometry of the pleural effusion showed elevated numbers of CD5-and CD23-positive lymphocytes and a high serum level of soluble interleukin-2 receptor. These results suggested that the chylothorax was caused by the obstruction of the thoracic duct by the sludging of either abnormal lymphocytes of CLL or transformed malignant lymphoma cells.
Introduction
Chylothorax is mainly caused by either a malignant tumor or traumatic injury. Among malignant tumors, malignant lymphoma is the most frequent cause of chylothorax. The mechanism of chylothorax formation in malignant lymphoma is mainly the obstruction and rupture of the thoracic duct by enlarged lymph nodes. A few reports have described chronic lymphocytic leukemia (CLL) as a cause of chylothorax, and CLL is known to be capable of transforming into malignant lymphoma. We employed lymphoscintigraphy and CD45-gated flow cytometry of the pleural effusion to diagnose the cause of the chylothorax and considered its mechanisms.
Case Report
An 80-year-old man visited our hospital due to right pleural effusion in August 2014. He had a history of diabetes mellitus (DM), bladder cancer, chronic obstructive pulmonary disease (COPD), CLL which was in complete remission since 1990, and a right rib fracture in December 2013.
He was an ex-smoker (45 pack-years) and quit smoking when he was 50 years old.
A physical examination showed that his percutaneous oxygen saturation was 98%, blood pressure 122/80 mmHg, heart rate 80/min, respiratory rate 25/min, and body temperature 36.9 . The heart sounds were pure, the rhythm was regular, and the breath sounds were clear in both lung fields. The abdomen was flat and soft without tenderness. No lymphadenopathy or edema in the extremities was noted.
A chest radiograph revealed a scar from a right rib fracture and a moderate amount of pleural effusion. A CT scan showed right pleural effusion and a right renal cyst without any lymphadenopathy (Fig. 1) . The values obtained on an electrocardiogram were within the normal limits.
The laboratory data showed elevations in the white blood cell count (24,800/μL), ratio of lymphocytes (91.7%), glycosylated hemoglobin A1c level (7.3%), and brain natriuretic peptide level (28.2 pg/mL). In addition, the level of soluble interleukin-2 receptor (sIL-2R) was highly elevated (2,289 U/mL). Only slight anemia and renal dysfunction were found, neither of which was clinically important. The findings from other biochemical and immunological examinations were near normal values. The pleural fluid was yellow and cloudy with a high concentration of triglycerides (576 mg/dL), especially chylomicron (28%) (Fig. 2) . The cytology of the pleural effusion was class II with lymphocyte predominance. Neither bacteria nor mycobacteria were detected.
Lymphoscintigraphy showed an obstruction of the thoracic duct below the sternum (Fig. 3) . Given that the most frequent cause of chylothorax is malignant lymphoma, we performed CD45-gated flow cytometry of the pleural effusion and found increased numbers of CD5-positive (99.5%), CD23-positive (70.0%), CD20-positive (45.3%), and CD10-negative (0.5%) lymphocytes (Fig. 4) . This surface antigen pattern implied that the cells in the pleural effusion were CLL or small lymphocytic lymphoma. In addition, given the elevated values of sIL-2R, our diagnosis was that a relapse of CLL or transformation of CLL to malignant lymphoma had occurred. We then reintroduced the patient to the Department of Hematology at the university hospital and started him on chemotherapy with 4 courses of fludarabine 40 mg for 3 days.
Discussion
We experienced a case of chylothorax with a history of CLL that was in complete remission. Lymphoscintigraphy revealed an obstruction of the thoracic duct without compression by the lymph nodes or rupture and detected CD5-and CD23-positive lymphocytes in the chyle, which suggested that the chylothorax was associated with CLL.
Generally, chylothorax is mainly caused by a malignant tumor or traumatic injury (1-5). Valentine et al. reported that 46% of chylothorax cases were caused by malignant tumors, 28% by a traumatic injury, and 14% were idiopathic. Furthermore, malignant lymphoma comprises 70% of the malignant tumors (1). In the present case, given that the patient had a recent history of right rib fracture and complete remission of CLL, we initially considered both a traumatic injury and a malignant tumor as potential causes of the chylothorax.
Chylothorax caused by a traumatic injury of the thoracic duct usually recovers quickly and disappears in two or three months (6) and rarely lasts for eight months. In cases of severe traumatic injury, large amounts of pleural fluid and some respiratory symptoms may be observed. In the present case, however, the chylothorax continued for eight months after the rib fracture, and neither respiratory symptoms nor findings of thoracic duct injury were observed. Therefore, the traumatic injury did not seem to be the reason for the chylothorax in the present case.
We performed CD45-gated flow cytometry of the pleural effusion, because most reported cases of chylothorax are caused by malignant lymphoma. The flow cytometry findings revealed increased numbers of CD5-positive, CD20-positive, CD23-positive, and CD10-negative lymphocytes, along with an elevated IL-2R level, suggesting that the cells were from CLL or small lymphocytic lymphoma (7, 8) .
Cases in which CLL caused chylothorax have been sporadically reported, but the mechanism remains unclear. Rice et al. suggested three possible mechanisms by which CLL might cause chylohorax (9) . The most common mechanism is mediastinal lymphadenopathy (2) . Although CLL rarely causes significant mediastinal lymphadenopathy, such cases may be at risk for developing chylothorax. The second possible mechanism involves the flow of leukemic lymphocytes through the lymphatic system. The presence of an extremely large number of abnormal lymphocytes in CLL may cause sludging in the lymphatic system, which may result in either a pseudo-obstruction of the thoracic duct or lymphatic drainage into the pleura, resulting in chylothorax. The third possible mechanism involves the traumatic disruption of the thoracic duct. Much like in patients who have just finished a high-fat meal, the large number of lymphocytes and sludging in CLL patients may distend the thoracic duct, making it more susceptible to rupture. Then, minor trauma, such as from a deep cough or violent sneeze, could result in microdisruptions of the thoracic duct and allow chyle to leak into the pleural space. In the present case, although neither mediastinal lymphadenopathy nor minor trauma were observed, the chylothorax may have been caused by a pseudoobstruction of the thoracic duct.
CLL sometimes transforms into malignant lymphoma, which is called "Richter syndrome", although the frequency of such a transformation is low (10-15). Rossi et al. reported that such transformations only occur in 2-7% of cases (11), while Yamasaki et al. reported that it occurred in 3-10% (12) . Given the highly elevated sIL-2R value and the fact that malignant lymphoma might more easily form a solid mass in the thoracic duct than CLL, the relapsed CLL may indeed have transformed into malignant lymphoma, forming an intra-ductal solid mass that obstructed the thoracic duct in the present case.
In summary, we experienced a case of chylothorax associated with chronic lymphocytic leukemia. The chylothorax may have been caused by the obstruction of the thoracic duct by the sludging of either abnormal lymphocytes of CLL or transformed malignant lymphoma.
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